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Abstract of JP20021 1 6382 



PROBLEM TO BE SOLVED: To obtain a 
reflection type projection optical system not 
only realizing the complete compensation of 
aberration between an object surface and an 
entrance pupil but also realizing the excellent 
compensation of the aberration of an entire 
optical system. SOLUTION: This projection 
optical system forms the image of a first 
surface (4) on a second surface (7). The 
optical system is equipped with a first 
reflection surface (R1), a second reflection 
surface (R2), a third reflection surface (R3), a 
fourth reflection surface (R4), a fifth reflection 
surface (R5), a sixth reflection surface (R6), a 
seventh reflection surface (R7) and a eighth 
reflection surface (R8). The position of the 
entrance pupil of the projection optical system 
is set nearer to the second surface side than 
the vicinity of the first surface side of the 
second reflection surface along an optical path 
from the first surface to the second surface. 
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(S2£I^IR2) 
($3£^®R3) 
(Sl4S£fr@R4) 

(S65lt®R6) 
(!7filt®R7) 
($8fiMR8) 



2® 

K = 0. OOOOOO 
C« = +0. 1 6 6 9 3 2 x 1 0-7 
Ce = +0. 1 4 1 7 5 5x 1 O-" 
C8==+0. 9 7 1 2 6 5 x 1 0" 16 
Cio=+0. 9 95 8 57X 1 0- 20 



3® 

K = 0. 000000 
C4 = - O. 8 9 1 2 1 6 x 1 O" 8 
Ce = +0. 658862X1 0" 12 
Ce=- 0. 491 378x1 0-" 
Cio=+0. 6 2 80 3 8 x 1 0-21 



4® 

K = 0. OOOOOO 

C4 = - O. 23 73 56x 1 0"* 

C6 = +0. 5 2 1 5 96x 1 0-15 
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Cs=+0. 66 3 3 1 4X 1 0' 20 
Cio=-0. 532651x1 O" 26 

5® 

K = 0. OOOOOO 

C4 = +0. 1 838Q4X1Q-8 

C6-=+"OT-r8 8 4-2 7xrO-i4 

Ce=+0. 1 40439X 1 0" 18 
Cio=-0. 8 8 206 7x 1 0-25 



6® 

K = 0. OOOOOO 
C4 = +0. 1 55806x1 0-? 
C6=-0. 4 9 2 1 6 9 X 1 0~ 12 
Cs = +0. 242400x1 0 " 16 
Cio = - O. 500 1 2 4x1 0-21 

7M 

/C = 0. OOOOOO 
C4 = -hO. 995873x1 O" 7 
Ce = H-0. 2 6 1 3 7 9x 1 0~" 
Ca=+0. 253566x1 0~ 15 
Cio=+0. 807092x1 

am 

K = Q. OOOOOO 
C4 = -0. 6 2 6 7 9 8 x 1 O- 10 
Ce = - O. 536 92 9 x 1 0-15 
C8 = -0. 131253x1 0~ 19 
Cio=-0. 4 7 42 3 7x 1 0-24 
[00 3 7] 051*. *2Mfc«a>«»ft**lwj3l+* 

^-i&m&m-tm-cfo&o las-eia. ftn oo%. « 

19 7%, fc£tf«^9 4%[zfclt&> U^-f 

[0 0 3 8] C^3H^] B6I*. *H16fl$ffiCDff3 
SK«lz^«)«JB*^*<D«tfiE*^-rH-efc«. 13 6 40 

^€>(D*A<. mi CM1 CDIHl®^(DSIt®R 

1. m2&S*£^ — CM2<D[H)®#0>£i*@R2. $3 
Sl^S^ — CM3(7)dh®tfO£|}®R 3. $45lt=7 
— CM4(DIH1®^C^JS^®R4. m5Jg;«S^ — CM5 
<7>d@tf£>Slt@R 5. m6J5S*£^ — CM6C0IH]^^ 
*7JE*t5^ — CM7 0>i!bffitt<DJRI*ffi 
R7. fecfc7jm8SltS5-CM8(D{Hl@«C0S»®R 

A = 1 3 . 4 n m 



8^LT, 0x/\7 JtlZ^X<7/<£— ><7>$g'Jv»£Jf£ 
^•r-&c K3SIJ6«l^l*. 3 K**Bfi 

R3±lC(411"r*J:5lC«fi£**tXt^*. fcfc* S6T* 
I*. ^Sl^Hv — CM 1 ~CM8<Dgl^£*B§LTl^ 

[0039] *©a (3) iz % ff3XttflO)ia:KX9X 

<D^5uC0m^*itf^P a (3) IZfc^T. AttJt**0> 
/5 ^f^IL-Ct> 

m) dl**JR»ffi<D«l±P*l«-r<i:fe%ffil«l« (m 
;fr£JglC*<7)#^£^*&ta>£-r£o fit, 

[O O 4 O] 
(S3] 



(9) ^^2002-116382 



i? = 1/4 



1 

2 


r 

-2404. 79993 
763. 64299 


d 

318. 549506 
-205. 222555 
143. 883971 




3 


284:85995 


-2077210933- 


— (*3-S**R 3 ) 


4 


562. 05981 


611.273283 


(m4SI4@R4) 


5 


1712. 84079 


-213. 065615 


(3I5&|*@R5) 


6 


544. 56386 


363. 442359 




7 


232. 24531 


-283. 351415 


(S7MSR7) 


8 


327. 20625 


306. 745621 


(S85HIR8) 











i m 

K = 0. OOOOOO 
C4=— O. 5454 1 1 x1 0-8 
Ce = +0. 223041 x1 0-13 
Cs = +0. 1 62 3 96x 1 0-18 
Cio=-0. 5644 1 5X1 0- 23 

2m 

K = 0. OOOOOO 
C4=-0. 8 2 5 1 1 1 X 1 0" 8 
Ce = -0. 4553 52x 1 0-13 
Cs=+0. 1 3 6 0 1 9x 1 0-18 
Cio=— O. 629949X1 O" 22 

3® 

K = 0. OOOOOO 
C4 = -0. 3 0 1 7 7 5X 1 0- 7 
Ce=+0. 754443X1 0-13 
C8 = + 0. 5 3 9 5 3 3 x 1 0-18 
Cio =- O. 1 47806x1 0-i» 

AM 

K = 0. OOOOOO 
C 4 = -0. 681896x1 0-« 
Ce = -0. 328 8 56x 1 0-14 
Cs = -0. 252789x1 Or™ 
Cio=-0. 42 8046 X TO" 25 

5M 

K = 0. OOOOOO 
C4 = + 0. 9 8 1 7 1 8 x 1 0-« 
Ce = — O. 6001 38X 1 0-H 
C8 = -0. 8 2 9 7 7 0x 1 0-1° 
Cio=-hO. 1 3 08 6 9x 1 0-23 

6® 
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/C = 0. O 0 0 O O O 
C4 = + 0. 4636 7 7x1 0"* 
Ce = +0. 1 1 7 5 9 7 x 1 O" 15 
Cfi=-0. 1 60435X1 0" 19 
Cio =4-0. 289024X1 O" 24 



K = 0. OOOOOO 
C 4 = +0. 872492X1 O" 7 
C6 = +0. 783801 X1 O-" 
Cs = -f-0. 939959x1 0~ 16 
Cio=+0. 650230X 1 0" 19 



8® 

= 0. OOOOOO 
C4 = +0. 1 61 940X10" 9 
Ce = +0. 20048 2x 1 0-14 
Cb = +0. 2307 7 2x 1 0-™ 
Cio=+0. 1 9 2 7 6 4X 1 O" 24 

[o o 4 1 ] mat. »3SiM«a>aK3t^iR^feit* 20 

□ 7«I$*tHtt«, M1 0 0%. « 

19 7%, 3$&lf&m9 4%iZ$$tfZ>jl ij^^j-fjuzi 

[0 0 4 2] [£4Sgtt0» H8I4. *SgKfl£ffi0>%4 

xxflic^^sKx^xofltaesFrB-eft^. us 30 

*#Ht*i, *4K»«o>aiB***t?l*. 7X^4 
^t>03fe*^ mi JSItS^ — CMl (Ddi®#(DJ5£*@R 
1. m2&#*= 7 — CM2(&M®tfc<7)&^®R 2. 13 
H 7 - C M 3 ©fig^M® R 3 , B4SltS7 
— CM4<Z>Dg@#CDJ5t*®R 4. !5S|t57-CM5 
(DMffittOJSatffiR 5. m6J£l*5^ — CM60(HJ@tt 
G0££t®R 1 . v — CM7(D£i®tfcO£S*® 

R7. &&ZtmSR!tfS : 7-CM8<D[H}mVt(Z>&&MR 

A = 1 3 . 4 n m 
5 = 1/4 



R3±f::^r£J:5(=«j££;KTl^e 0 
I*. &5^57~CM 1 ~CM8 0)|g;F£^IB8LTl^ 
*. 

[OO 4 3] ftOS (4) IC. S4HJ6«a>SK^3S 
(D»5L0)fflS»lf £> e a (4) [Cfcl^T. AliS3fe5fe(7> 

£ ^ x / \m^0)?t1&<Dm?T? Z>?5 Ir) |C» of:7X^ «*v 
&(Dfil*ffia>«J*£* r tt#S»ffiO)THj5«**e (m 
m) dtt*fiMIBa)«l±miR-r«r^«BimHI (m 

[0 0 4 4] 
[S4] 



1 
2 
3 
4 
5 
6 



7000. 00000 
357. 50053 
171.42264 
429. 87840 
-7000. 00000 
591.25546 



d 

355. 178664 
-184. 529990 

105. 786452 
-140. 765892 

513. 880742 
-241.299921 

309. 115334 



(KljEltHRI) 
(S25SSR2) 
(S3SSIR3) 
(m4&l*®R4) 

(S65MR6) 



(11) 
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7 235.55238 -254.220109 (gr7&l*@R7) 

8 305.96266 274.220109 (I8^@R8) 

1 @ 

K = 0. oooooo 

,C4-=^0 5-9-8-4-5-2-X-1-Q-8 

Ce=- O. 1 37 7 54X1 0-" 
Cs=+0. 476250x1 O"™ 
Cio=— O. 1 3 3 6 4 8X 1 O" 22 

2® 

K = Q. OOOOOO 
C4=— O. 69044 5x1 0-8 
Ce = -0. 289971 xl O" 13 
Cs = -0. 1 1 5 3 60x1 O-ic 
Cio =-0. 15 15 5 1x1 0~ 21 

3® 

K = Q. OOOOOO 
C4=- O. 4731 87x1 O" 7 
Ce = + 0. 3 3 98 52x1 0"i2 
Ce = +0. 1 57642X1 0-15 
Cio =+0. 843742x1 0~™ 

4® 

K = 0. OOOOOO 
Ca = — O. 2341 00x1 0-8 
C6 = -0. 1 6 8 9 2 9 x 1 0-13 
Ce = - O. 2 1 8 6 4 8 X 1 0-18 
Cio =- O. 5 9 6 6 1 2X 1 0-« 

5® 

Af = 0. OOOOOO 
C4 = +0. 93 2 1 6 0X 1 0"« 
Ce= — O. 344879X1 O-1 3 
Cb = +0. 88781 9X1 O- 18 
Cio = — O. 1 3 03 7 0x 1 0-22 

6® 

/C = 0. OOOOOO 
C4 = +0. 141487x10*8 
Ce = - O. 754384x1 0-13 
C8 = +0. 18 15 19x1 0-17 
Cio = - O. 1 88727X1 O- 22 

7® 

K = 0. OOOOOO 
C4=H-0. 497794x1 0-7 
C6=+0. 797436x1 Q-n 
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Cs = — O. 2 1 3 3 06x 1 O-n 
Cio=+0. 1 5461 7x1 O' 18 



8® 

K = 0. oooooo 

C4 = H-0. 455892X1 0" 8 



ee=H- O— 6-2-3-1-9-6-x-l-O- 14 - 



Ce = + O. 824642x1 0"™ 
Cio = H- O. 134139X1 0~ 23 

[0045] @9ii. %Amm.m<o^m9t^m^if^ 

nVJlR^^^-rST'fe^o 09TM*. «S1 0 0%. « 
19 7%, ^<):i;tg9 4%ICfelt^>^ 'J-r-f^-^-^^ 

*3Stl6«»*:H*l^ a^JiRM^fiitTfc^iiE^ttT^^ 
0te<Z>fgl&M t £#.::« IE * I* & C £ *<5t^ £ *tT 

[oo4 6] cmsnsgcg] sioi*. *mmmmom 

£4frt>03fc#. H JSUS^ — CM 1 CDIHl@t^(DJSlt 
®R1, *2K»£^ — CM2(Dfi,ffitt(DJE»ffiR2 % 

gi3js;§*£^— cm3odq®^ct)J5^®R3. m4jg:i* 

— CM4(7>[H]®tta>&l*@R4. f 5 
M5CDIH3®^OJS:«®R 5. IE 6 ELM 5 ^ — C M 6 <D Gfl 

|^®R7, fc£tfm8j£t*5^-CM8(7>[H]®#a>J5l* 

A = 1 3 . 4 n m 
0 = 1/4 

(pfc^SWISTt;) 



10 IR8^1T, ^x/W-tlc^X^/^— ><B|g/M£ 

^R3 jiic-iis-r^ctatc^^^Tt^^o £3s. m 

1 Otli, &SltS7-CM1 ~CM80i^^tB8L 

[0 0 4 7] X4>« (5) |Z % tt5XJttt0>gHB3fc?X 
a>«7C<Dffi*»lf*o a (5) fZfclXT. AliS^SfcO) 

20 %>(7>&§*® CD r l*4JR»ffi<DlIjStt*#« (m 

m) dtt«SttflBON±MPR-r3ii:^«KinRI (m 

«*3E£U IHIiEOttWSSJI^LTt^^. 
[O O 4 8] 
t«5] 



-317.52637 
-296. 06855 
-5000. 00000 
751.85563 
-5988. 20667 
1264. 06144 
213. 09621 
397. 27735 

(^X/\®) 

1 H 

* = 0. oooooo 
C 4 = + 0. 2 3 88 99X 1 0" 8 
Ce=+0. 530727x1 O" 13 
Cb=+0. 1 O 2 9 6 O x 1 0-17 
Cio=-hO. 3 4 1 5 7 1 x 1 O" 23 



d 

398. 983276 
-94. 239390 
44. 928035 
-294. 204004 
906. 398723 
-462. 129326 
609. 604166 
-334. 049468 
354. 049468 



(Si 1 ) 
(m2&H@R2) 
(S&3SI*@R3) 
(3£4£&f®R4) 
(2S5&I*@R5) 
(ffS6Jfc|*®R6) 
(^7£^®R7) 

(Sg8&l*®R8) 
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2® 

/c = 0. oooooo 

C4=+0. 7 0 4 6 3 4 X 1 O' 7 
Ce = - O. 6 1 5324X 1 0-" 
Ce = +Q. 9 3 66 6 5 x 1 Q-»6 

G io = + 0^-3-2-6 4-2-7-x-VO^* 

31 

K = 0. OOOOOO 
C4=-0. 1 5 5 8 7 4 x 1 0-7 
Ce = +0. 32 339 1 X 1 0* 12 
C8 = + 0. 3 4 3 6 8 0xl0~ 14 
Cio = - O. 1 03463x 1 0-" 

4® 

/C = 0. OOOOOO 
C4 = +0. 2 10 16 9x1 0~ 10 
C6 = — O. 1 3447 8x1 O- 15 
Cs = +0. 2 5 15 14X1 O" 19 
Ci0=-O. 3037 8 3X 1 0- 24 

5® 

/C = 0. OOOOOO 
C4 = +0. 2 3 3 6 3 5X 1 0-* 
Ce = +0. 3 1 68 84X 1 0" 14 
Cs = -0. 1 2 9 8 1 9x 1 O" 1 * 
Cio=-hO. 5 1 8 9 9 2 X 1 0-25 

6® 

K = 0. OOOOOO 
C4 = +0. 1 6 437 0X 1 0"« 
Ce=+0. 7 6 7 8 2 7 x 1 0-15 
Cs = -0. 1 46283X1 0- 20 
Ci0=+O. 4169 10x10-26 

7® 

K = 0. OOOOOO 
C4=+0. 4 7 92 7 3 x 1 0-7 
Ce = +0. 1 70344X1 O" 11 
Ce = +0. 9 5058 1 X 1 0- 16 
Ci0=+O. 1 3 86 4 4X 1 O-20 

8® 

/C=0. OOOOOO 
C4 = +0. 1 5098 2 x 1 0-» 
Ce=-t-0. 118318X10-^ 
Ce = +0. 8 54 1 2 1 x 1 0-20 
Cio=+0. 1 29800x1 0~2« 

[0049] ai us. nsmmwoiSi&ii^m^tert so ^^^m^-rmv^ho @i ivtt. &noo 



(14) 
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1 ^StfS^ — CM 1 ~CM8 0>B^£i£B&L 

[oo5i] *a>a (6) i= % mGmmm<n&§zit¥& 



[ooso] cmenifeflo bi 2(*. *sgi£ft$ffia>ff 

6SHfiflSlz*^4aiB**Ra)fllfiE**-rB-efc*. B 

1 2 fc. *6 5mttaS£%9XTH*« 

2 4*>t><D3fc*<. £l J5ttS^-CM1 <Ddb®#a>£l* 

m2Sl*S7 — CM2CDlHl®tt<7>JS^@R2. 
g3J5l*£5 — CM3 0)£b@tf(D&lt®R3, « 4 
57-CM4(0IHl®^O^®R4, 3l5Sg*=^ — C 
M5(DIHJ®^a)SltDSR 5. ^6Rlt^7~CM6CDdl] 

A = 1 3 . 4 nm 
0 = 1/4 



& o x / <D^tm <d mft? & -ft ffl i= ?9 o -7 * eg 

10 fc<DJ5#ffi<DIHJ*£. r l*#JE»BG>Hjgft**a (m 
m) dli*S«®0)ttJiFaHi-rftt>*>®P^IB (m 
m) £*;K-?*13fLTI**. fcfc. BMMdli* 

[0052] 



2853. 63937 
971. 62862 
1180. 36783 
1742.42693 
-409. 39322 
-334. 54066 
375. 95002 
355. 86799 

i m 

/C = 0. oooooo 
Ca=-0. 5 1 3849x 1 0** 
Ce=+0. 1 54394x1 O" 13 
Ce = — O. 531516X1 0~i9 
Cio=+6. 3 7 46 6 3 x 1 0~* 4 



d 

619.919792 
-503. 669649 
538. 579512 
-604. 829661 
952. 024453 
-97. 171877 
226. 989209 
-284. 488510 
306. 647445 



(«1fi»ffiRl) 
(S25W1R2) 
(S3fi«®R3) 
($4SMR4) 
(S5M1R5) 
(S65MR6) 
(f7SM®R7) 
(I8MIR8) 



2® 

/c = o. oooooo 

C4 = — O. 1 90894x1 0-8 
Ce = -0. 22 73 57 x 1 O" 14 
Cs = — O. 247734x1 O" 19 
Cio=-0. 1 99472x1 O" 24 



3® 

/c = o. OOOOOO 



05) 
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C4 = - O. 499244x1 0-9 
C6 = - O. 7 8 90 5 3 X 1 0" 15 
Cs = — O. 4 8 O 1 5 8 x 1 O" 1 ® 
Cio =- O. 302052x1 0~ 24 

41 

K -= o— o-o-o-o-o o 

C4 = -0. 2 7 6 2 5 2 x 1 0-9 
C6 = — O. 737257x1 0"1S 
Cb = -0. 1 95497X1 0-» 
Cio =-0. 254863x1 O" 2 * 



sm 

K = 0. oooooo 

C4=+0. 7 7 8 0 7 8 x 1 0-9 
Ce=+0. 4841 40X1 0" 14 
Cfi=-0. 845350x 1 0-20 
Cio=+0. 2 842 7 3x 1 O" 24 

6® 

K = 0. OOOOOO 
C4 = +0. 4 8 50 9 9X 1 0" 8 
C6 = +0. 1 8 72 2 4X 1 0" 13 
C8 = -0. 4 2 5 6 4 0x 1 0-18 
Cio = + O. 1 34780X1 0- 22 

7® 

K = 0. OOOOOO 
C4 = + 0. 1 9 3 5 9 2 x 1 O" 7 
C6 = 4-0. 1 7 3 2 3 7 X 1 0~13 
C8 = - O. 116 13 0X1 O-ie 
Cio = - O. 32451 5X1 O" 20 

8® 

K = 0. OOOOOO 
C4=+0. 4 6 20 9 6 x 1 0-9 
Cfi = +0. 5 964 7 9X 1 0-1 4 
C8=-+-0. 6 1 8 7 5 1 X 1 0-19 
Cio =+0. 127103X1 O-M 
[0 0 5 3] El 3f*. JK6St««0)SlB3fe*Rl=*5lt 40 

&=i'?qs.m£7K-?mv&& 0 ®i 3t'it st^i oo 

%. 819 7%, fc«ti;Sl9 4%|Cfclf£>> 'Jf-ft 
[0054] £2b\ BMd^fJ:?!^ Ox/\7±t?<D 

•a»3itaBfej:tf^x^4±-ea)»aBBPiaBsa« so 



3 <D%&*\zmfto>m®& u * Eit 5) £ <t 1 iw 

Si2*5^ 6 <D#S§* ica^S U S £E® LT t cfc t> 

[oo5 5] titz. @4£#ffg-r££. &2m&m<D& 

^¥S6t'll m4S^®R4T*Slt$^Tm5JS« 
@R5^JpJ^55t^m6S^@R6C0(5S^® (m 
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[0056] wt2mmm&Lfto>teo>mmm 

TI5 Sit® R 5 'sfSjfr 5 3t&f)<m 6 Sit® R 6 0<5S 10 

ffi*BB*a3B-r*tt«©aw»^6(DE«^ mess*® 

R6-eS»**l*3t«<D»6S»BR6±fZj3l+4tt« 
S4S^®R4^t§l4^S7-CM40n 

[0 0 5 7] ±^CO|lj5S^ICA^A^^g3 l cSST*l*. Rg 

S«|cS^-r^> (H*;Xg) Zfcfcjiy* 20 

[0058] 5fc"T. 01 50Xf 7^3 O 1 ICJSIVC* 

^3 0 2|Cfe^t, I htf>^x/\_t(7>^Jlfil-t 

C^thL/vXh^i^Mc Xf7?3 0 30 

3lcfclxT. *S81WBB0>B3fcSSB*ffll*-C\ 77^ 

[005 9] -£0>&. Xf«^3 O 4f=ftlvc« f01 
P-> hCDOx/\±<D^^- KUvX h<Z)3S«^ff3b4xfc 
7>7-vZt3 O SlCfcl^T. f©1 Q7 hCO^x/Nji 

^^x/NjbtD^&i/a bf&mztef&ZtiZo *<r> 40 

[0 0 6 0] ±S80)**lB»»rtt. XttSftB 

d*ll::!E£**i£::£*<* xaiLTfciiU* 
i/>^PhP>ttl* (SOR) %£ffll*«C£ tt^ 
-So 50 



[0 06 1] ±ao>*X£&B a CH:» X*g£«*S 

[oo6 2] g^i^ ±a<p»se»fgB-ett. gjfesg 

[O O 6 3] 

[&BJKDS&S] JSLLWHLfcJ:?!::, *5SBJ30&is?c^ 
X"CI** -tflOA»Btt«A«»2S»ffia)»1 ffi«CDifi« 
cky *«2Hrai=KSS*iTl*4©T?. «a{*S£At*fi 

[oo6 4] *fc % «ftnofitt9se%¥»£B%s 
«*Mr*ci4<ts*. co>** % sbajpxi::** 

foes. **tt»«a**-r*ftM©B*s»*« 

[■tfiOffittttKM 

[01] *^0JOSl^ll:^^^S3tgla)S^*ffl 

[S3] ffixaiflia)fiisx9X(=eit«37JKS£» 
a «**-rBT*a&4. 

[■5] B23RB«0)SBX9»l=Srt«a7ftB«v 
[0 6] «BB»Ba>B3BBffilc^^«&BX¥Xa> 
[07] B3XB«0)!aBX9XI=£lt«37JiKB£$ 

[0 8] *xitraa)« 4 xx«i!c^^«fiex¥»a) 

[09] B4ftKflO)SBX9XI=J3lt«a7ftB£# 

[010] *JtBBBaX5X*fflc**t&BJfc¥X 

[011] B5XB«ia)SBX¥Xlw£lt&37JKB£ 

[012] *X£ttB0B6XffiMI=*ft*&&Bft¥X 
coSJS£^-r0T*S)^o 

[01 3] m6HJSW0)e^3t^^rcfe(t^a^i|R^£ 
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[g14] *fEEroSM*3t (1) ZtStm-tZtztbOET' 



4 TX£ 

5 7X^f-V 

6 gg*^£ 

7 «^IA 

8 ^i/\Xf- V 

CM 1 ~ C M 8 SatS^- 



"1 U=^=yX^ X'ftS- 

3 HH%?S 



s amy 



[Hi ] 



[H3] 
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20 (54) Title of the Invention: Projection optical system and exposure apparatus with projection optical 

system 
(57) Abstract 
[Subject] 

A reflective projection optical system capable of making sufficient aberration corrections between an 
25 object surface and an entrance pupil, and consequently making excellent aberration corrections in the 

whole optical system. 
[Means for solving] 

A projection optical system forming an image of a first surface (4) on a second surface (7) includes a 
first reflecting surface R1, a second reflecting surface R2, a third reflecting surface R3, a fourth reflecting 
30 surface R4, a fifth reflecting surface R5, a sixth reflecting surface R6 f a seventh reflecting surface R7 and 

an eighth reflecting surface and a position of the entrance pupil is set on the second surface side rather 
than in the vicinity of the first surface side of the second reflecting surface along the optical path from 
the first surface to the second surface. 
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[What is claimed] 

[Claim 1] 

A projection optical system for forming an image of a 
5 first surface on a second surface, the projection 

optical system comprising: 

a first reflective surface for reflecting light 
from the first surface ; 

a second reflecting surface for reflecting the 
10 light reflected at the first reflecting surface; 

a third reflecting surface for reflecting the light 
reflected at the second reflecting surface; 

a fourth reflecting surface for reflecting the 
light reflected at the third reflecting surface; 
15 a fifth reflecting surface for reflecting the light 

reflected at the fourth reflecting surface; 

a sixth reflecting surface for reflecting the light 
reflected at the fifth reflecting surface; and 

a seventh reflecting surface for reflecting the 
20 light reflected at the sixth reflecting surface toward 

the second surface, wherein an entrance pupil position 
in the projection optical system is set on a second 
surface side of the second reflecting surface from the 
vicinity of a first surface side of the second 
25 reflecting surface along an optical path from the first 

surface to the second surface. 
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[Claim 2] 

The projection optical system set forth in claim 1, 
wherein the entrance pupil position is set along an 
optical path between the vicinity of the first surface 
5 side of the second reflecting surface and the vicinity 

of the second surface side of the third reflecting 
surface along the optical path from the first surface to 
the second surface. 
[Claim 3] 

10 The projection optical system set forth in claim 1 or 

2, wherein, when the entrance pupil position is in the 
vicinity of the first surface side of the second 
reflecting surface along the optical path from the first 
surface to the second surface, within a surface 

15 including an optical axis and an image point, the y- 

coordinate is set in a direction perpendicular to the 
optical axis in such a manner that the same side as the 
image point with respect to the optical axis becomes 
positive, and, within the said surface, assuming that y- 

20 coordinate values of an intersection point at which 

light rays of the maximum numerical aperture and the 
second reflecting surface intersect are defined as ya 
and yb (ya>yb) , 

conditions of - 1 <=loge { - (ya/yb) } <=1 are satisfied. 
25 [Claim 4] 

The projection optical system set forth in claim 1, 
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wherein the entrance pupil position is set on the second 
reflecting surface or on a second surface side from the 
second reflecting surface along the optical path from 
the first surface to the second surface. 
5 [Claim 5] 

The projection optical system set forth in any one of 
claims 1 to 4, wherein the sixth reflecting surface is 
arranged between the fourth reflecting surface and the 
fifth reflecting surface, and a distance from the 

10 optical axis to a position at which light reflected at 

the fourth reflecting surface and traveling to the fifth 
reflecting surface passes through a virtual extension 
surface of the sixth reflecting surface is set so as to 
be smaller than a distance from the optical axis to a 

15 position at which light to be reflected at the sixth 

reflecting surface. 
[Claim 6] 

The projection optical system set forth in any one of 
claims 1 to 5, wherein the first to the seventh 
20 reflecting surfaces are arranged along a single optical 

axis . 
[Claim 7] 

An exposure apparatus comprising: 

an illumination system for illuminating a mask; and 
25 an projection optical system set forth in any one of 

claims 1 to 6 for projecting and exposing a pattern of 
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the mask onto a photosensitive substrate. 
[Claim 8] 

The exposure apparatus set forth in claim 7, wherein 



the illumination system includes a light source for 
5 supplying X-rays for exposure light, and projects and 

exposes the pattern of the mask onto the photosensitive 
substrate while causing the mask and the photosensitive 
substrate to be moved relative to the projection optical 
system. 
10 [Claim 9] 

A microdevice fabrication method comprising: . 
an exposure process of exposing the pattern of the 
mask onto the photosensitive substrate by the exposure 
apparatus set forth in claim 7 or 8 ; and 
15 a development process of developing the photosensitive 

substrate exposed by the exposure process. 
[Detailed description of the Invention] 
[0001] 

[Field of the Invention] 

20 The present invention relates to a projection optical 

system and an exposure apparatus including the 
projection optical system, and, for example, to a 
reflective projection optical system suitable for an X- 
ray projection exposure apparatus transferring a circuit 

25 pattern on a mask onto a photosensitive substrate by a 

mirror projection scheme using X-rays. 
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[0002] 

[Conventional arts] 
Convent ionally, exposure apparatus used for 



manufacturing semiconductor devices and the like have 
5 projected and transferred circuit patterns formed on a 

mask (photomask) onto the photosensitive substrate such 
as a wafer through the projection optical system. A 
photoresist is applied on the photosensitive substrate, 
and a portion of the photoresist is exposed to light by 
10 projection exposure through the projection optical 

system, so that a photoresist pattern corresponding to a 
mask pattern is yielded. 
[0003] 

Here, a resolving power W of an exposure apparatus 
15 depends on a wavelength X of exposure light and a 

numerical aperture NA in the projection optical system, 
and is represented by the following expression (a) : 
W = K-JL/NA (K: constant) (a) 

[0004] 

20 Therefore, in order to improve the resolving power of 

the exposure apparatus, it becomes necessary to shorten 
the wavelength A of the .exposure light or increase the 
numerical aperture NA in the projection optical system. 
Generally, it is difficult to increase the numerical 

25 aperture NA of the projection optical system to a 

predetermined value or greater from the viewpoint of 



6 



optical designing, so the wavelength of the exposure 
light needs to be shortened from now on. For example, 
when a KrF excimer laser with 248 run wavelength is used 
as the exposure light, 0.25 jam resolving power is 
5 obtained, and when an ArF excimer laser with 193 nm 

wavelength is used as the exposure light, 0.18 pm 
resolving power is obtained, respectively. The 
resolving power can be further improved when X-rays 
having a wavelength shorter than these laser beams are 
10 used as the exposure light. If an X-ray with a further 

shorter wavelength, for example, 13 nm wavelength is 
used as the exposure light, resolving power less than 
0.1 ]am can be obtained. 
[0005] 

15 Meanwhile, since there are no usable transmissive 

optical materials and refractive optical materials when 
X-rays are used as the exposure light, a reflective mask 
must be used, and concurrently a reflective projection 
optical system is required. Conventionally, as the 

20 projection optical system applicable to the exposure 

apparatus using the X-ray as the exposure light, various 
reflective optical systems consisting of, for example, 
four to eight reflectors have been proposed. 
[0006] 

25 [Problems to be solved by the Invention] 

With the conventional reflective optical system 
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consisting of four to six reflectors, however, the 
number of the reflectors employed therein are small so 
that there is a disadvantage that the sufficient 
aberration correction cannot be made. Moreover, in the 
5 conventional projection optical system consisting of the 

eight reflectors, the entrance pupil in the optical 
system has been positioned considerably on the mask side 
from a second reflecting surface (which is a second 
reflector that light from the mask enters) along the 
10 optical path from the mask to the photosensitive 

substrate . 

For this reason, the sufficient aberration correction 
cannot be made between the mask surface of the object 
surface and the entrance pupil, and consequently, there 
15 is another disadvantage that aberrations in a whole 

optical system cannot be excellently corrected. 
[0007] 

The present invention is made in view of the foregoing 
problems, and is aimed at providing a reflective 

20 projection optical system capable of making the 

sufficient aberration correction between the object 
surface and the entrance pupil, and consequently, making 
the excellent aberration correction in the whole 
projection optical system. Moreover, by applying a 

25 projection optical system of the present invention to an 

exposure apparatus, an object of the present invention 
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is to provide, for example, an exposure apparatus 
capable of securing high resolving power using X-rays as 
the exposure light. Another object of the present 
invention is further to provide a microdevice 
5 fabrication method capable of fabricating a high- 

precision microdevice under excellent exposure 
conditions by using an exposure apparatus having the 
high resolving power. 
[0008] 

10 [Means for solving the problems] 

In order to solve the above problems, a first 
invention of the present invention provides a projection 
optical system that includes a first reflective surface 
for reflecting light from the first surface, a second 

15 reflecting surface for reflecting the light reflected at 

the first reflecting surface, a third reflecting surface 
for reflecting the light reflected at the second, 
reflecting surface, a fourth reflecting surface for 
reflecting the light reflected at the third reflecting 

20 surface, a fifth reflecting surface for reflecting the 

light reflected at the fourth reflecting surface, a 
sixth reflecting surface for reflecting the light 
reflected at the fifth reflecting surface, and a seventh 
reflecting surface for reflecting the light reflected at 

25 the sixth reflecting surface toward the second surface, 

wherein an entrance pupil position in the projection 
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optical system is set on a second surface side of the 
second reflecting surface from the vicinity of a first 
surface side of the second reflecting surface along an 
optical path from the first surface to the second 
5 surface. 

[0009] 

According a preferable embodiment of the first 
invention, the entrance pupil position is set along an 
optical path between the vicinity of the first surface 
10 side of the second reflecting surface and the vicinity 

of the second surface side of the third reflecting 
surface along an optical path from the first surface to 
the second surface. 
[0010] 

15 Also, according to a further preferable embodiment of 

the first invention, when the entrance pupil position is 
in the vicinity of the first surface side of the second 
reflecting surface along an optical path from the first 
surface to the second surface, within a surface 

20 including an optical axis and an image point, the y- 

coordinate is set in a direction perpendicular to the 
optical axis in such a manner that the same side as the 
image point with respect to the optical axis becomes 
positive, and, within the said surface, assuming that y- 

25 coordinate values of an intersection point at which 

light ray of the maximum numerical aperture and the 
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second reflecting surface intersect are defined as ya 
and yb (ya>yb) respectively, 

conditions of - 1 <=loge { - (ya/yb) } <=1 are satisfied. 
[0011] 

5 Further, according to a preferable embodiment of the 

first invention, the entrance pupil position is set on 
the second reflecting surface or on a second surface 
side from the second reflecting surface along the 
optical path from the first surface to the second 
10 surface. 

[0012] 

Moreover, according to a preferable embodiment of the 
first invention, the sixth reflecting surface is 
arranged between the fourth reflecting surface and the 

15 fifth reflecting surface, and a distance from the 

optical axis to a position at which light reflected at 
the fourth reflecting surface and traveling to the fifth 
reflecting surface passes through a virtual extension 
surface of the sixth reflecting surface is set so as to 

20 be smaller than a distance from the optical axis to a 

position at which light to be reflected at the sixth 
reflecting surface. Also, the first reflecting surface 
to the seventh reflecting surface should be preferably 
arranged along a single optical axis. 

25 [0013] 

A second invention of the present invention provides 



11 



an exposure apparatus that includes an illumination 
system for illuminating a mask, and a projection optical 
system of the first invention for projecting and 
exposing a pattern of the mask onto a photosensitive 
5 substrate. 
[0014] 

According to a preferred embodiment of the second 
invention, the illumination system includes a light 
source for supplying X-rays for exposure light, and 
10 projects and exposes the pattern of the mask onto the 

photosensitive substrate while causing the mask and the 
photosensitive substrate to be moved relative to the 
projection optical system. 
[0015] 

15 A third invention of the present invention provides a 

microdevice fabrication method that includes an exposure 
process of exposing the pattern of the mask onto the 
photosensitive substrate by the exposure apparatus of 
the second invention, and a development process of 

20 developing the photosensitive substrate exposed by the 

exposure process. 
[0016] 

[Preferred embodiments of the Invention] 
A projection optical system according to a typical 
25 example embodiment of the present invention includes 

eight reflectors. Accordingly, light from a first 
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surface (object surface) forms an image of the first 
surface on a second surface (image surface) after 
reflected in succession at a first reflecting surface, a 
second reflecting surface, a third reflecting surface, a 
5 fourth reflecting surface, a fifth reflecting surface, a 

sixth reflecting surface, a seventh reflecting surface 
and an eighth reflecting surface. According to the 
present invention, in this basic structure, an entrance 
pupil position is set on a second surface side of the 
10 second reflecting surface from the vicinity of a first 

surface side of the second reflecting surface along an 
optical path from the first surface to the second 
surface . 
[0017] 

15 More particularly, the entrance pupil , position should 

be preferably set on an optical path between the 
vicinity of the first surface side of the second 
reflecting surface and the vicinity of the second 
surface side of the third reflecting surface along the 

20 optical path from the first surface to the second 

surface. Or, the entrance pupil position should be 
preferably set on the second reflecting surface or on 
the second surface side from the second reflecting 
surface along the optical path from the first surface to 

25 the second surface. 

As in the foregoing, in the projection optical system 



13 



of the present invention, as the entrance pupil position 
is set on the second surface side of the second 
reflecting surface from the vicinity of the first 
surface side of the second reflecting surface, it makes 
5 it possible to sufficiently correct aberrations between 

the object surface and the entrance pupil, and 
consequently, excellently correct aberrations in the 
whole optical system. 
[0018] 

10 Meanwhile, according to the present invention, when 

the entrance pupil position is in the vicinity of the 
first surface side of the second reflecting surface 
along the optical path from the first surface to the 
second surface, following conditional expression (1) is 

15 satisfied. In other words, by using following 

conditional expression (1), whether or not the entrance 
pupil position is in the vicinity of the first surface 
side of the second reflecting surface is judged. 
- 1 <=log e {-(ya/yb) > *1 (D 

20 [0019] 

Here, as shown in Fig. 14, within a surface including 
optical axis AX and image point IP, the y-coordinate is 
set in a direction perpendicular to optical axis AX in 
such a manner that the same side as image point IP 
25 becomes positive with respect to optical axis AX. In 

this case, the origin of the y-coordinate is on optical 
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axis AX. And, within the surface including optical 
axis AX and image point IP, y-coordinate values of 
intersection points A and B at which rays of light 41 
and 42 of the maximum NA and the second reflecting 
5 surface intersect are defined as ya and yb (ya>yb) , 

respectively. Also, log e denotes a natural logarithm. 
[0020] 

Moreover, according to the present invention, the 
sixth reflecting surface is arranged between the fourth 

10 reflecting surface and the fifth reflecting surface, and 

a distance from the optical axis to a position at which 
a ray of light, -which is reflected at the fourth 
reflecting surface and travels to the fifth reflecting 
surface, passes through a virtual extension surface of 

15 the six reflecting surface should be preferably set so 

as to.be smaller than a distance from the optical axis 
to a position at which a ray of light to be reflected at 
the sixth reflecting surface. . With this structure, an 
outside diameter of a reflector having the fourth 

20 reflecting surface can be made smaller, and consequently, 

the whole optical system can be made smaller and compact 
in terms of the diameter. 
[0021] 

When the reflective projection optical system of the 
25 present invention is employed in the projection optical 

system of the exposure apparatus, X-rays can be used as 
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exposure light. In this case, while causing the mask 
and photosensitive substrate to be moved relative to the 
projection optical system, the pattern of the mask is 
projected and exposed onto the photosensitive substrate. 
5 As a result, high-precision microdevices can be 

fabricated under the excellent exposure conditions by 
using a scanning exposure apparatus with a high 
resolving power. 
[0022] 

10 Preferred example embodiments of the present invention 

will be described with reference to the accompanying 
drawings. Fig. 1 is a diagram schematically showing a 
structure of an exposure apparatus according to an 
example embodiment of the present invention. In Fig. 1, 

15 the Z-axis is set along an optical axis direction of the 

projection optical system, that is, along a normal 
direction of the wafer, the photosensitive substrate, 
the Y-axis is set in a direction parallel to the sheet 
surface of Fig. 1 within a wafer surface and the X-axis 

20 is set in a direction perpendicular to the sheet surface 

of Fig. 1 within the wafer surface, respectively. 
[0023] 

The exposure apparatus of Fig. 1 is provided with 
laser plasma X-ray source 1 as a light source for 
25 supplying exposure light, for example. Light emitted 

from X-ray source 1 enters illumination optical system 3 
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through wavelength-selective filter 2. Here, 
wavelength-selective filter 2 has such a characteristic 
as to permit only an X-ray with a predetermined 
wavelength (13.4 nm) from the light supplied from X-ray 
5 source 1 to selectively pass through, and prevents other 

wavelengths from passing through. 
[0024] 

The X-ray passing through wavelength-selective filter 
2 illuminates reflective mask 4 formed with patterns to 

10 be transferred through illumination optical system 3 

consisting of a plurality of reflectors. Mask 4 is held 
by mask stage 5 movable along the Y-axis in such a 
manner that its pattern surface extends along the XY 
plane. Furthermore, a movement of mask stage 5 is 

15 configured so as to be measured by a laser 

interferometer which is not shown here. Thus, an arc- 
like illumination area symmetrical about the Y-axis is 
formed on mask 4 . 
[0025] 

20 Through reflective projection optical system 6, light 

from a pattern of illuminated mask 3 forms an image of 
the mask pattern on wafer 7 which is a photosensitive 
substrate. Wafer 7 is held by wafer stage 8 movable in 
a two-dimensional way along the XY axes in such a manner 

25 that its exposure surface extends along the XY plane. 

Furthermore, a movement of wafer stage 8 is configured 
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so as to be measured by the laser interferometer, which 
is not shown here, like mask stage 5. 

[0026] 

Accordingly, scan exposure (scanning exposure) is 
5 performed while moving mask stage 5 and wafer stage 8 

along the Y-axis, that is, while moving mask 4 and wafer 
7 along the Y-axis relative to projection optical system 
6, so that the pattern of mask 4 is transferred into one 
exposure area of wafer 7. At this moment, assuming that 

10 a projection magnification (transfer magnification) in 

projection optical system 6 is 1/4, synchronous scanning 
is performed with the movement rate of wafer stage 8 set 
to one fourth of the movement rate of mask stage 5. 
[0027] 

15 Furthermore, as the scanning exposure is repeated 

while moving wafer stage 8 in the two-dimensional way 
along the X and Y axes, the patterns of mask 4 are 
successively transferred into respective exposure areas 
of wafer 7. Referring to example embodiments 1 to 6, 

20 specific structures of projection optical system 6 will 

be described below. 
[0028] 

In each example embodiment, projection optical system 
6 consists of eight reflectors CM1 to CM8 . That is, 
25 light from mask 4 forms a mask patter image on wafer 7 

after successively reflected at reflecting surface Rl of 
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first reflector CM 1, reflecting surface R2 of second 
reflector CM 2, reflecting surface R3 of third reflector 

CM 3, reflector surface R4 of fourth reflector CM 4, 

reflecting surface R5 of fifth reflector CM 5, 
5 reflecting surface R6 of sixth reflector CM 6, 

reflecting surface R7 of seventh reflector CM 7 and 
reflecting surface R8 of eighth reflector CM 8. 
Furthermore, all reflecting surfaces Rl to R8 are formed 
in an aspherical shape. Also; in respective example 
10 embodiments, the entrance pupil in the optical system is 

configured so as to be positioned on second reflecting 
surface R2 or on a wafer side from the second reflecting 
surface. 
[0029] 

15 In each following embodiment, an aspheric surface is 

represented by the following expression (b) : 
Expression 1 

-=(yA)/U{i-(^^)^ 2 /r 2 r} 

+ C4-y 4 +C6y 6 +C8y* + C10-J/ 10 (b) 
where the height of the aspheric surface in a direction 

20 perpendicular to the optical axis is y, the distance 

(sag amount) along the optical axis from a tangential 
surface at . the vertex of the aspheric surface to the 
position on the aspheric surface at the height y is z, 
the vertex radius of curvature is r, a conic coefficient 

25 is k, and the aspherical surface coefficient of the n-th 
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order is Cn, respectively. 
[0030] [First embodiment] 

Fig. -2 is a diagram showing a structure of a 
projection optical system in accordance with a first 
5 example embodiment of the example embodiments. 

Referring to Fig. 2, the light from mask 4 in the 
projection optical system of the first example 
embodiment forms a reduced image of the mask pattern on 
wafer 7 through concave reflecting surface Rl of first 

10 reflector CM1, convex reflecting surface R2 of second 

reflector CM2, convex reflecting surface R3 of third 
reflector CM3, concave reflecting surface R4 of fourth 
reflector CM4, concave reflecting surface R5 of fifth 
reflector CMS, concave reflecting surface R6 of sixth 

15 reflector CM6, convex reflecting surface R7 of seventh 

reflector CM7 and concave reflecting surface R8 of 
eighth reflector CM8. According to the first example 
embodiment, the entrance pupil in the optical system is 
configured so as to be positioned on third reflecting 

20 surface R3. 

[0031] 

The following Table 1 shows values of items regarding 
the projection optical system of the first example 
embodiment. In Table 1, X denotes a wavelength of 
25 exposure light, and 3 denotes a projection magnification 

(transfer magnification) , respectively. The surface 
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number denotes the order of reflecting surfaces from the 
mask side along a direction of the ray of light 
traveling from the mask surface acting as the object 
surface to the wafer surface acting as the image surface, 
5 r denotes a radius of curvature at the vertex of each 

reflecting surface (mm) , and d denotes an axial spacing 
of each reflecting surface, i.e., surface separation 
(mm) , respectively- Surface separation d is supposed to 
change its code each time when reflected. Regardless of 

10 the incidence direction of the ray of light, radii of 

curvature of surfaces being convex to the mask side are 
defined positive and radii of curvature of surfaces 
being concave to the mask side are defined negative, 
respectively. 

15 [0032] 

[Table 1] 
(Principle items) 
A= 1 3. 4 nm 
P= 1/4 

20 (Items regarding optical elements) 

Surface No. r d 

(Mask surface) 362.513162 

1 -302.93934 -90.018587 (1st reflecting surface Rl) 

2 -370.67510 45.295314 (2nd reflecting surface R2) 
25 3 598.77300 -158.501234 (3rd reflecting surface R3) 

4 472.05608 765.865368 (4th reflecting surface R4) 
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5 -2045.09307 -321.519505 (5th reflecting surface R5) 

6 1225.38595 482.551711 (6th reflecting surface R6) 

7 202.62044 -313.137886 (7th reflecting surface R7) 
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8 371.36809 333.137886 (8th reflecting surface R8) 

(Wafer surface) 
(Data of aspheric surfaces) 
First surface 
K=0. 000000 
C4=+0. 2 3 3 9 5 lxl 0" 8 



10 C6=+0. 497703x10 
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C8=+0. 851811x1 0" 18 



C10=+ 0. 760736x1 0" 23 



Second surface 
15 k=0. 000000 



C4=+0. 6 0 0 3 8 9xl O" 7 



C6= - 0. 557800x1 0" 11 



C8=+0. 1 7 6 7 6 3xl 0" 15 



C10=+O. 4 1 5 5 7 2x1 0' 20 



Third surface 
K=0. 000000 
C4=-0. 3 6 2 6 8 3xi O' 7 



C6=-0. 592352xi 0* 12 



25 C8=+0. 7 6 6 7 3 8x1 0 
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C10=-0. 4 2 9 5 5 7x1 0" 17 
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Fourth surface 
K=0. 000000 
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C4=-0. 3 4 5 4 9 4xi 0" 9 



C6=+0. 332528xl 0" 14 



C8=-0. 585963x1 0" 21 



C10=-0. 888898x1 0' 24 



Fifth surface 
10 K=0. 000000 



C4=+0. 204498x1 0" 9 



C6=+0. 782755x1 0" 14 



C8=-0. 446431x1 O* 19 



C10=-f 0. 198671x1 O" 24 



Sixth surface 
K=0. 000000 
C4=+ 0. 3 6 2 0 6 3x1 0" 



C6=+0. 308956x10 * 14 



20 C8=-0. 1 2 4 2 2 9x1 0 
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C10=+0. 515926x1 O* 25 



Seventh surface 
K=0. 000000 
25 C4=+0. 5 8 6 8 9 7xi0" 7 

C6=+0. 278165x10 * 11 
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C8=+ 0. 184001x1 o* 15 
C10= + 0. 990070xi 0" 2 



Eighth surface 
5 k= o.oooooo 

C4=+ 0 .180870x1 0^ 
C6=+0. 1 5 7 3 9 5x1 0' 14 
C8=+G. 1 24208x1 0" 19 
C10= + 0. 207770xl0' 24 

10 [0033] 

Fig. 3 is a view showing coma generated by the 
projection optical system of the first example. Fig. 3 
shows meridional coma and sagittal coma at image heights 
of 100%, 97%, and 94%, respectively. As clearly seen 

15 from the aberration chart, the first embodiment verifies 

that the coma is excellently corrected. Not being shown 
here, though, it is also verified that aberrations other 
than the coma are excellently corrected. 
[0034] [Embodiment 2] 

20 Fig. 4 is a diagram showing a structure of a 

projection optical system in accordance with a second 
example of this embodiment. Referring to Fig. 4, the 
light from mask 4 in the projection optical system of 
the second example embodiment forms the reduced image of 

25 the mask pattern on wafer 7 through concave reflecting 

surface Rl of first reflector CM1, concave reflecting 
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surface R2 of second reflector CM2, convex reflecting 
surface R3 of third reflector CM3, concave reflecting 
surface R4 of fourth reflector CM4, concave reflecting 
surface R5 of fifth reflector CM5, convex reflecting 
5 surface R6 of sixth reflector CM6, convex reflecting 

surface R7 of seventh reflector CM 7 and concave 
reflecting surface R8 of eighth reflector CM8 . 
According to the second example embodiment, the entrance 
pupil in the optical system is configured so as to be 
10 positioned on second reflecting surface R2 . In Fig. 4, 

each of reflectors CM1 to CM 8 is omitted to be shown. 
[0035] 

The following Table 2 shows values of items regarding 
the projection optical system of the second example 

15 embodiment. In Table 2, A denotes a wavelength of 

exposure light, and 0 denotes a projection magnification 
(transfer magnification) , respectively. The surface 
number denotes the order of reflecting surfaces from the 
mask side along a direction of the ray of light 

20 traveling from the mask surface acting as the object 

surface to the wafer surface acting as the image surface, 
r denotes the radius of curvature at the vertex of each 
reflecting surface (mm) , and d denotes the axial spacing 
of each reflecting surface, i.e., surface separation 

25 (mm) , respectively. Surface separation d is supposed to 

change its code each time when reflected. Regardless of 



25 



the incidence direction of the ray of light, radii of 
curvature of surfaces being convex to the mask side are 
defined positive and radii of curvature of surfaces 
being concave to the mask side are defined negative, 
5 respectively. 
[0036] 
[Table 2] 
(Principle items) 
X = 1 3 . 4 nm 
10 p = 1/4 

(Items regarding optical elements) 
Surface No. r d 







(Mask surrpce) 


414.867263 












1 


-981.678S0 


-259.284927 


(1st 


reflecting 


surface 


Rl) 


15 


2 


1337.589E1 


143.049955 


(2nd 


reflecting 


surface 


Rl) 




3 


316.43313 


-248.632300 


(3rd 


reflecting 


surface 


Rl) 




4 


637.54556 


665.713542 


(4tht 


reflecting surface Rl) 




5 


-474.03429 


-104.854022 


(5th 


reflecting 


surface 


Rl) 




6 


-483.71464 


213.536974 


(6th 


reflecting 


surface 


Rl) 


20 


7 


300.89234 


-268.605883 


(7th 


reflecting 


surface 


Rl) 




8 


324.67446 


306.527906 


(8th 


reflecting 


surface 


Rl) 



(Wafer surface) 
(Data of aspheric surfaces) 
First surface 
25 k= o.oooooo 

C4=-0. 1 3 8 7 5 9xl 0" 8 
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C6=+0. 210310x1 0" 13 



C8=-0. 141560xl 0" 18 



C10=-O. 2 19 9 13x1 0' 24 



25 



Second surface 
K=0. 000000 



C4=+0. 1 6 6 9 3 2x l 0" 7 



C6=+0. 1 4 1 7 5 5x1 0' 11 



C8=+0. 9 7 1 2 6 5x1 O" 16 



10 C10=+0. 99585 7x10 

Third surface 
K=0. 000000 



C4=-0. 8 9 12 16x1 O" 8 



-20 



15 C6=+0. 658862x10 



-12 



C8=-0. 4 9 1 378x1 O" 17 



C10=+0. 6 2 8 0 3 8x1 O* 21 



Fourth surface 
20 k= o.oooooo 

C4=-0. 237356x1 0" 



C6=+0. 521596xi 0" 15 



C8=+0. 6 6 3 3 1 4xi O" 20 



C10=-0. 53265lxi 0" 26 



Fifth surface 



K=0. 000000 
C4=+0. 1 8 3 8 04X1 0* 6 
C6= + 0. 188427xi 0' 14 



C8=+6. 14 0 4 3 9xl o* 18 
5 C10=-0. 8 8 2 0 6 7xi o' 25 

Sixth surface 
k=0. 000000 
C4=+ 0. 155806x1 0" 7 
10 c6=-0. 4 9 2 1 6 9xi o' 12 

C8=+0. 242400x1 '^ 16 
C10=-0. 500124X10" 21 

Seventh surface 
15 k=0, 000000 

C4=+ 0. 995873x1 O' 7 
C6=+ 0. 261379x1 O" 11 
C8=+0. 253566xiO" 15 
C10= + 0. 807092x1 0* 19 

20 

Eighth surface 
K=0. 000000 
C4=-0. 626798xi o* 10 
C6=-0. 5 3 6 9 2 9xi o* 15 
25 c8=-0. 131253x1 0* 19 

C10= - 0. 47 4 237xi 0' 24 
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[0037] 

Fig. 5 is a view showing coma generated by the 
projection optical system of the second example 
embodiment. Fig. 5 shows meridional coma and sagittal 
5 coma at image heights of 100%, 97%, and 94%, 

respectively. As clearly seen from the aberration chart, 
even the second embodiment verifies that the -coma is 
excellently corrected in the same way as in the first 
embodiment. Also, not being shown here, though, it. is 

10 also verified that aberrations other than the coma are 

excellently corrected. 
[0038] [Embodiment 3] 

Fig. 6 is a diagram showing a structure of a 
projection optical system in accordance with a third 

15 example of this embodiment. Referring to Fig. 6, the 

light from mask 4 in the projection optical system of 
the third example embodiment forms the reduced image of 
the mask pattern on wafer 7 through concave reflecting 
surface Rl of first reflector CM1, concave reflecting 

20 surface R2 of second reflector CM2, convex reflecting 

surface R3 of third reflector CM3, concave reflecting 
surface R4 of fourth reflector CM4, convex reflecting 
surface R5 of fifth reflector CMS, concave reflecting 
surface R6 of sixth reflector CM6, convex reflecting 

25 surface R7 of seventh reflector CM 7 and concave 

reflecting surface R8 of eighth reflector CM8 . 
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According to the third example embodiment, the entrance 
pupil in the optical system is configured so as to be 

positioned on third reflecting surface R3. In Fig. 6, 

each of reflectors CM1 to CM 8 is omitted to be shown. 
5 [0039] 

The following Table 3 shows values of items regarding 
the projection optical system of the third example 
embodiment. In Table 3, A denotes a wavelength of 
exposure light, and p denotes a projection magnification 

10 (transfer magnification) , respectively. The surface 

number denotes the order of reflecting surfaces from the 
mask side along a direction of the ray of light 
traveling from the mask surface acting as the object 
surface to the wafer surface acting as the image surface, 

15 r denotes the radius of curvature at the vertex of each 

reflecting surface (mm) , and d denotes the axial spacing 
of each reflecting surface, i.e., surface separation 
(mm) , respectively. Surface separation d is supposed to 
change its code each time when reflected. Regardless of 

20 the incidence direction of the ray of light, radii of 

curvature of surfaces being convex to the mask side are 
defined positive and radii of curvature of surfaces 
being concave to the mask side are defined negative, 
respectively. 

25 [0040] 

[Table 3] 



30 



(Principle items) 
A = 13.4 nm 

P = 1/4 

(Items regarding optical elements) 
5 Surface No. r d 





(Mask surface) 318.549506 


1 


-2404.79993 


-205.222555 


(1st reflecting surface R 1 ) 


2 


763.64299 


143.883971 


(2nd reflecting surface R 2 ) 


3 


284.85995 


-207.210933 


(3rd reflecting surface R 3 ) 


4 


562.05981 


611.273283 


(4th reflecting surface R 4 ) 


5 


1712.84079 


-213.065615 


(5tht reflecting surface R 5 ) 


6 


544.56386 


363.442350 


(6th reflecting surface R 6 ) 


7 


232.24531 


-283.351415 


(7tht reflecting surface R 7 ) 


8 


327.20625 


306.745621 


(8th reflecting surface R 8 ) 



15 (Wafer surface) 

(Data of aspheric surfaces) 
First surface 
k=0. 000000 
C4=-0. 5 4 5 4 1 lxi 0" 8 

20 C6=+0. 2 2 3 04 1*1 0' 13 

C8=+0. 162396x1 0" 18 
C10=-0. 5 6 4 4 1 5x1 O" 23 

Second surface 
25 k= 0.000000 

C4=-0. 825111x1 0" 8 
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C6=-0. 4 5 5 3 5 2X1 0* 1 
C8= + 0. 136019xi o* 1 
C10=-0. 629949x10 



25 



Third surface 
k=0. 000000 



C4=-0. 3 0 1 7 7 5xl 0* 7 



C6= + 0. 754443x1 O" 13 



C8=+0. 5 3 9 5 3 3x1 0" 16 



10 C10=-0. 1 4 7 8 0 6x1 0 



-19 



Fourth surface 
K=0. 000000 
C4=-0. 6 8 1 8 9 6X1 0* 9 
15 C6=-0. 3 2 8 8 5 6xi o* 14 



C8=-0. 25 2 789x1 0" 19 



C10=-0. 4 2 8 0 4 6x1 O' 25 



Fifth surface 
20 k= o.oooooo 

C4=+0. 981718x10" 



C6=-0. 600138xi 0* 14 



C8=-0. 8 2 9 7 7 0x1 0* 19 



C10=+0. 1 3 0 8 6 9x1 0' 23 



Sixth surface 
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K=0. 000000 
C4=+0. 4 6 3 6 7 7xi O" 9 
C6=+0. 117597x1 0" 15 
C8=-0. 160435x1 0" 19 
5 C10=+0. 2 8 9 0 24xi0" 24 

Seventh surface 
k=0. 000000 
C4=+0. 8 7 2 4 9 2x1 0* 7 
10 C6=+0. 7 8 3 8 0 lxiO" 11 

C8=+0. 9 39959x1 0* 16 
C10=+ 0. 650230xl 0* 19 

Eighth surface 
K=0. 0 0 0 0 0 0 
C4=+0. 1 6 1 9 4 Oxi 0" 9 
C6=+0. 2 0 0 4 8 2x1 o* 14 
C8=+0. 2 3 0 7 7 2xiO* 19 
C10=+0. 1 9 2 7 6 4x1 O" 24 
[0041] 

Fig. 7 is a view showing coma generated by the 
projection optical system of the third example 
embodiment. Fig. 7 shows meridional coma and sagittal 
coma at image heights of 100%, 97% , and 94%, 
respectively. As clearly seen from the aberration chart, 
even the third embodiment verifies that the coma is 



15 



20 



25 
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excellently corrected in the same way as in the first 
and second embodiments. Also, not being shown here, 
though, it is also verified that aberrations other than 
the coma are excellently corrected. 
5 [0042] [Fourth embodiment] . . 

Fig. 8 is a diagram, showing a structure of a 
projection optical system in accordance with a fourth 
example of this embodiment.. Referring to Fig. 8, the 
light from mask 4 in the projection optical system of 

10 the third example embodiment forms the reduced image of 

the mask pattern on wafer 7 through convex reflecting 
surface Rl of first reflector CM1, concave reflecting 
surface R2 of second reflector CM2, convex reflecting 
surface R3 of third reflector CM3 , concave reflecting 

15 surface R4 of fourth reflector CM4, concave reflecting 

surface R5 of fifth reflector CM5, concave reflecting 
surface R6 of sixth reflector CM6, convex reflecting 
surface R7 of seventh reflector CM 7 and concave 
reflecting surface R8 of. eighth reflector CM8 . 

20 According to the fourth example embodiment, the entrance 

pupil in the optical system is configured so as to be 
positioned on third reflecting surface R3. In Fig. 8, 
each of reflectors CM1 to CM 8 is omitted to be shown. 
[0043] 

25 The following Table 4 shows values of items regarding 

the projection optical system of the fourth example 
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embodiment. In Table 3, A denotes a wavelength of 
exposure light, and (5 denotes a projection magnification 
(transfer magnification), respectively. .The surface 
number denotes the order of reflecting surfaces from the 
5 mask side along a direction of the ray of light 

traveling from the mask surface acting as the object 
surface to the wafer surface acting as the image surface, 
r denotes the radius of curvature at the vertex of each 
reflecting surface (mm) , and d denotes the axial spacing 

10 of each reflecting surface, i.e., surface separation 

(mm), respectively. Surface separation d is supposed to 
change its code each time when reflected. Regardless of 
the incidence direction of the ray of light, radii of 
curvature of surfaces being convex to the mask side are 

15 defined positive and radii of curvature of surfaces 

being concave to the mask side are defined negative, 
respectively. 
[0044] 
[Table 4] 

20 (Principle items) 

A = 13 . 4nm 
3 = 1/4 

(Items regarding optical elements) 
Surface No. r d 
25 (Mask surface) 355.178664 

1 7000.00000 -184.529990 (1st reflecting surfaceR 1 ) 
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2 357.50053 105.786452 (2nd reflecting surface R 2) 

3 171.42264 -140.765892 (3rd reflecting surface R3) 

4 429.87840 513.880742 (4th reflecting surface R4) 



5 -7000.00000 -241.299921 (5th reflecting surface R 5 ) 
5 6 591.25546 309.115334 (6th reflecting surface R6) 

7 235.55238 -254.220109 (7th reflecting surfeceR 7) 

8 305.96266 274.220109 (8th reflecting surface R 8 ) 

(Wafer surface) 

(Data of aspheric surfaces) 
10 First surface 

K= 0 . 0 0 0 0 0 0 

C4=-0. 5 98452*1 0* 

C6=-0. 1 3 7 7 5 4x1 0" 13 

C8=+0. 4 7 6 2 5 0*1 0* 18 
15 C10=-0. 1 3 3 6 4 8X1 0 -22 

Second surface 
K=0. 000000 
C4=-0. 6 9 0 4 4 5xi 0" 8 



20 C6=-0. 2 8 9 9 7 1xio 



-13 



C8=- 0. 1 15360x1 O" 16 



C10=- 0. 151551x1 0" 21 



Third surface 
25 k= o.oooooo 

C4=-0. 47318 7x10 
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C6=+ 0. 339852x1 o* 12 
C8=+0. 1 5 7 6 4 2x1 0" 15 
C10=+0. 8 4 3 7 4 2xl 0* 1 



5 Fourth surface 

K=0. 000000 
C4=-0. 2 3 4 1 0 Ox l 0" 8 
C6=-0. 1 6 8 9 2 9xi 0' 13 
C8=-0. 218648x1 o* 18 
10 C10=-0. 5 9 6 6 1 2xiO' 2 



Fifth surface 
K=0. 000000 
C4=+0. 9 3 2 1 6 0x1 0"® 
15 C6=-0. 344 8 7 9xi0* 13 

C8=-hO. 8 87819x1 O* 18 
C10=-0. 130370x10 22 

Sixth surface 
20 k= o.oooooo 

C4=+0. 1 4 1 4 8 7xi O" 8 
C6=-0. 7 5 4 3 8 4x1 O" 13 
C8=+0. 18 15 19xi 0" 17 



25 



C10=-0. 188727x10 



Seventh surface 



-22 
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K=0. 000000 



C4=+0. 4 9 7 7 9 4xi 0* 7 



C6=+0. 797436x1 0' 11 



14 



C8=-0. 213306x1 0" 



C10=+0. 154617xi 0" 18 



Eighth surface 
K=0. 000000 



C4=+0. 4 5 5 8 9 2xi 0* 9 



10 C6=+0. 62319 6x10 



-14 



C8=+0. 8 2 4 6 4 2xl0" 19 
C10=+0. 1 34 1 3 9X1 0" 23 
[0045] 

Fig 9 is a view showing coma generated by the 
15 projection optical system of the third example 

embodiment. Fig. 9 shows meridional coma and sagittal 
coma at image heights of 100%, 97%, and 94%, 
respectively. As clearly seen from the aberration chart, 
even the fourth embodiment verifies that the coma is 
20 excellently corrected in the same way as in the first to 

third embodiments. Also, not being shown here, though, 
it is also verified that aberrations other than the coma 
are excellently corrected. 
[0046] [Fifth embodiment] 
25 Fig. 10 is a diagram showing a structure of a 

projection optical system in accordance with a fifth 
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example of this embodiment. Referring to Fig. 10 , the 
light from mask 4 in the projection optical system of 
the third example embodiment forms the reduced image of 
the mask pattern on wafer 7 through concave reflecting 
5 surface Rl of first reflector CM1, convex reflecting 

surface R2 of second reflector CM2, concave reflecting 
surface R3 of third reflector CM3, concave reflecting 
surface R4 of fourth reflector CM4, concave reflecting 
surface R5 of fifth reflector CMS, concave reflecting 

10 surface R6 of sixth reflector CM6, convex reflecting 

surface R7 of seventh reflector CM7 and concave 
reflecting surface R8 of eighth reflector CM 8 . 
According to the fifth example embodiment, the entrance 
pupil in the optical system is configured so as to be 

15 positioned on third reflecting surface R3. In Fig. 10, 

each of reflectors CM1 to CM 8 is omitted to be shown. 
[0047] 

The following Table 5 shows values of items regarding 
the projection optical system of the fourth example 

20 embodiment. In Table 3, A denotes a wavelength of 

exposure light, and (3 denotes a projection magnification 
(transfer magnification), respectively. The surface 
number denotes the order of reflecting surfaces from the 
mask side along a direction of the ray of light 

25 traveling from the mask surface acting as the object 

surface to the wafer surface acting as the image surface, 
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r denotes the radius of curvature at the vertex of each 
reflecting surface (mm) , and d denotes the axial spacing 
of each reflecting surface, i.e., surface separation 



(mm) , respectively. Surface separation d is supposed to 
5 change its code each time when reflected. Regardless of 

the incidence direction of the ray of light, radii of 
curvature of surfaces being convex to the mask side are 
defined positive and radii of curvature of surfaces 
being concave to the mask side are defined negative, 
10 respectively. 
[0048] 
[Table 4] 
( Principle items ) 
A = 13 . 4nm 
15 p = 1/4 

(Items regarding optical elements) 
Surface No. r d 

(Mask surface) 398.983276 



1 


-317.52637 


-94.239390 


(1st reflecting surface R 1 ) 


2 


-296.06855 


44.928035 


(2nd reflecting surface R 2 ) 


3 


-5000.00000 


-294.204004 


(3rd reflecting surface R 3 ) 


4 


751.85563 


906.398723 


(4th reflecting surface R 4 ) 


5 


-5988.20667 


-462.129326 


<5th reflecting surface R 5 ) 


6 


1264.06144 


609.604166 


(6th reflecting surface R 6 ) 


7 


213.09621 


-334.049468 


(7th reflecting surface R 7 ) 


8 


397.27735 


354.049468 


(8th reflecting surface R 8 ) 
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(Wafer surface) 
(Data of aspheric surfaces) 
First surface 



K=0. 000000 



C4=+0. 2 3 8 8 9 9xi 0" 8 



C6=+0. 530727xi 0" 13 



C8=+ 0. I02960xi0* 17 



C10=+0. 341571X10" 23 



10 second surface 

k= 0 . 0 0 C 0 0 0 
C4=+0. 7 0 4 6 3 4xl 0" 7 
C6=-0. 615324x1 0" 11 
C8=+0. 9 3 6 6 6 5x1 0" 16 

15 C10= + 0. 3 2 6 4 2 7xi0" 19 

Third surface 
K=0. 000000 
C4=-0. 1 5 5 8 7 4xi 0* 7 
20 C6=+0. 3 2 3 3 9 lxlO" 12 

C8=+0. 343680x1 0~ 14 



C10=-0. 103463x10 * 17 



Fourth surface 
25 k= o.oooooo 



C4=+0. 2 10 16 9x1 0" 10 
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C6=-0. 1 344 7 8X1 0' 1 
C8=+0. 251514x1 0 _1 
C10=-0. 30378 3x10 



25 



Fifth surface 
k=0. 000000 
C4=+ 0. 233635x1 0' 



C6=+0. 3 1 6 8 8 4xi CT 14 



C8=-0. 1 2 9819x1 0' 19 



10 C10=+0. 5 1 8 9 9 2x1 0 



-25 



Sixth surface 
K=0. 000000 
C4=+ 0. 164370xi O" 9 
15 C6=+0. 7 6 7 8 2 7x1 O" 15 



C8=-0. 146283x1 O" 20 



C10=+0. 4 169 10xl0" 26 



Seventh surface 
20 k=o. oooooo 



C4=+0. 479273xi O" 7 



C6=+0. 170344x1 O" 11 



C8=+0. 950581xi 0" 16 



C10=+0. 1 3 8 6 4 4x1 O -20 



Eighth surface 
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C4=+0. 1 50 9 8 2xl 0" 9 
C6=+ 0. 118318x1 0' 14 



C8=+0. 8 5 4 1 2 1*1 0"™ 
5 C10=+0. 1 2 9 8 00xl0* 24 

[0049] 

Fig. 11 is a view showing coma generated by the 
projection optical system of the third example 
embodiment. Fig. 11 shows meridional coma and sagittal 

10 coma at image heights of 100%, 97%, and 94%, 

respectively. As clearly seen from the aberration chart, 
even the fifth embodiment verifies that the coma is 
excellently corrected in the same way as in the first to 
fourth embodiments. Also, not being shown here, though, 

15 it is also verified that aberrations other than the coma 

are excellently corrected. 
[0050] [Sixth embodiment] 

Fig. 12 is a diagram showing a structure of a 
projection optical system in accordance with a fourth 

20 example of this embodiment. Referring to Fig. 12, the 

light from mask 4 in the projection optical system of 
the sixth example embodiment forms the reduced image of 
the mask pattern on wafer 7 through convex reflecting 
surface Rl of first reflector CM1, concave reflecting 

25 surface R2 of second reflector CM2, convex reflecting 

surface R3 of third reflector CM3, concave reflecting 
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surface R4 of fourth reflector CM4, concave reflecting 
surface R5 of fifth reflector CMS, convex reflecting 
surface R6 of sixth reflector CM6, convex reflecting 
surface R7 of seventh reflector CM7 and concave 
5 reflecting surface R8 of eighth reflector CM8 . 

According to the sixth example embodiment, the entrance 
pupil in the optical system is configured so as to be 
positioned on second reflecting surface R2 . In Fig. 12, 
each of reflectors CM 1 to CM 8 is omitted to be shown. 
10 [0051] 

The following Table 6 shows values of items regarding 
the projection optical system of the fourth example 
embodiment. In Table 6, A denotes a wavelength of 
exposure light, and P denotes a projection magnification 

15 (transfer magnification), respectively. The surface 

number denotes the order of reflecting surfaces from the 
mask side along a direction of the ray of light 
traveling from the mask surface acting as the object 
surface to the wafer surface acting as the image surface, 

20 r denotes the radius of curvature at the vertex of each 

reflecting surface (mm) , and d denotes the axial spacing 
of each reflecting surface, i.e., surface separation 
(mm), respectively. Surface separation d is supposed to 
change its code each time when reflected. Regardless of 

25 the incidence direction of the ray of light, radii of 

curvature of surfaces being convex to the mask side are 
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defined positive and radii of curvature of surfaces 
being concave to the mask side are defined negative, 
respectively. 
[0052] 
5 [Table 6] 

( Principle items ) 
X = 13 . 4nm 
(J = 1/4 

(Items regarding optical elements) 
10 Surface No. r d 





(Mask surface) 619.919792 


1 


2853.63937 


-503.669649 


(1st reflecting surfaceR 1 ) 


2 


971.62862 


538.579512 


(2nd reflecting surfaceR 2 ) 


3 


1180.36783 


-604.829661 


(3rd reflecting surfaceR 3 ) 


4 


1742.42693 


952.024453 


(4th reflecting surfaceR 4 ) 


5 


-409.39322 


-97.171877 


(5th reflecting surfaceR 5 ) 


6 


-334.54066 


226.989209 


(6th reflecting surfaceR 6 ) 


7 


375.95002 


-284.488510 


(7th reflecting surfaceR 7 ) 


8 


355.86799 


306.647445 


(8th reflecting surfaceR 8 ) 



20 (Wafer surface) 

(Data of aspheric surfaces) 
First surface 
K=0. 000000 
C4=-0. 513849x10 

25 C6=+0. 1 5 4 3 94xi 0* 13 

C8=-0. 531516x1 0" 19 
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C10=+0. 3 7 4 6 6 3X1 0" 24 
Second surface 



k=0. 000000 
5 C4=-0. 1 9 0 8 9 4xl 0" 9 

C6=-0. 227357x1 0" 1 ' 
C8=-0. 247734x1 0' 1 ' 
C10=-O. 1 9 9 4 7 2x1 0' 



10 Third surface 

k=0. 000000 
C4=-0. 4 9 9 244xl0" 9 
C6=-0. 7 8 9 0 5 3xl 0~ 1i 
C8=-0. 4 8 0 1 5 8xi 0" 11 

15 C10=-0. 3 0 2 0 5 2x1 0' 



Fourth surface 
K=0. 000000 
C4=-0. 276252x1 0" 9 
20 C6=-0. 7 3 7 2 5 7xi 0" 15 

C8=-0. 195497xi o* 20 
C10=- 0. 2 5 4 8 6 3x l 0' 2 



Fifth surface 
25 k= o.oooooo 

C4=+0. 7 7 8 0 7 8X1 Q" 9 
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C6=+ 0. 484140x10 _1 
C8=-0. 8 4 5 3 5 Ox l 0* 2 
C10=+0. 28427 3x10 



Sixth surface 
k=0. 000000 



C4=+0. 485099x1 0" 8 



C6=+0. 187224x10 " 13 



C8=-0. 425640x1 0" 18 



10 C10=+O. 1 34 7 8 0x1 0 

Seventh surface 
k=0. 0 0 0 0 0 0 



C4=+0. 1 9 3 5 9 2xi 0' 7 



-22 



13 



15 C6=+0. 1 7 3 2 3 7x1 0" 



C8=-0. 116 13 0x1 0' 16 



C10=- 0. 324515X10" 20 



Eighth surface 
20 k= o.oooooo 



C4=+ 0. 462096x1 o* 9 



C6=+ 0. 596479x1 0" 14 



C8=+ 0. 618751x1 0~ 19 



C10=+0. 1 2 7 1 0 3x1 O" 23 



25 [0053] 

Fig. 13 is a view showing coma generated by the 
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projection optical system of the sixth example 
embodiment. Fig. 13 shows meridional coma and sagittal 
coma at image heights of 100% , 97%, and 94% , 
respectively. As clearly seen from the aberration chart, 
5 even the sixth embodiment verifies that the coma is 

excellently corrected in the same way as in the first to 
fifth embodiments. Also, not being shown here, though, 
it is also verified that aberrations other than the coma 
are excellently corrected. 
10 [0054] 

Furthermore, as shown in Fig. 4, field stop S for 
defining an effective exposure field on wafer 7 and an 
effective illuminating field on mask 4 can be arranged 
at a position optically conjugate to the exposure 

15 surface of wafer 7 and the pattern surface of mask 4 

along the optical path of projection optical system 6. 
In this case, the similar field stop may be arranged 
along the optical path of illumination optical system 3, 
and concurrently, field stop S may be arranged along the 

20 optical path of projection optical system 6, or without 

arranging the field stop along the optical path of 
illumination optical system 3, only field stop S may be 
arranged along the optical path of projection optical 
system 6. 

25 [0055] 

Furthermore, when Fig. 4 is referred to, in projection 
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optical system 6 of the second embodiment, the distance 
from the optical axis to a position at which the ray of 
light, which is reflected at fourth reflecting surface 
R4 and travels to fifth reflecting surface R5, passes 
5 through the virtual extension surface of sixth 

reflecting surface R6 (which is a virtual surface 
obtained by extending sixth reflecting surface) is set 
to be larger than the distance from the optical axis to 
a position at which the ray of light to be reflected at 

10 sixth reflecting surface R6. As a result, the outside 

diameter of fourth reflector CM 4 (not shown in Fig. 4) 
having fourth reflecting surface R4 becomes large, and 
consequently, it is noted that the whole optical system 
becomes large in terms of the diameter. 

15 [0056] 

In other words, in projection optical system 6 
according to other embodiments other than the second 
embodiment, the distance from the optical axis to a 
position at which the ray of light, which is reflected 

20 at fourth reflecting surface R4 and travels to fifth 

reflecting surface R5, passes through the virtual 
extension surface of sixth reflecting surface R6 (which 
is a virtual surface obtained by extending sixth 
reflecting surface) is set to be smaller than the 

25 distance from the optical axis to the position at which 

the ray of light to be reflected at sixth reflecting 
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surface R6. As a result, the outside diameter of fourth 
reflector CM 4 (not shown in Fig. 4) having fourth 
reflecting surface R4 becomes small, and consequently, 
the whole optical system can be small in terms of the 
5 diameter. 
[0057] 

By illuminating the mask with, the illumination system 
(illuminating process) and exposing the transfer pattern 
formed on the mask to the photosensitive substrate with 

10 the projection optical system (exposure process), the 

exposure apparatus according to the above-mentioned 
embodiment can fabricate microdevices (semiconductor 
devices, image pick-up devices, LCD panel devices, thin- 
film magnetic heads, etc.). An example of a method of 

15 yielding the semiconductor device as the microdevice by 

forming a predetermined circuit pattern on the wafer or 
the like as the photosensitive substrate by use of the 
exposure apparatus of this embodiment will be described 
below with reference to the flowchart of Fig. 15. 

20 [0058] 

In step 301 in Fig. 15, a metal film is evaporated on 
the wafers in one lot. In next step 302, a photoresist 
is applied onto the metal film on the wafers in the one 
lot. Thereafter, in step 303, images of patterns on a 
25 mask (reticle) are successively exposed and transferred 

into respective shot areas on the wafers in the one lot 
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through the projection optical system, using the 

exposure apparatus of this embodiment. 

[0059] 

Then, after the photoresist on the wafers in the one 
5 lot is developed in step 304, and then the resist 

patterns are etched on the wafers in the one lot in step 
305 as a mask, whereby circuit patterns corresponding to 
the patterns on the mask are formed in the respective 
shot areas on the wafer. And then, circuit patterns are 

10 further formed on upper layers and the like so that the 

devices such as the semiconductor device and the like 
are fabricated. According to the above-mentioned 

semiconductor device fabrication method, a semiconductor 
device having a very fine circuit pattern can be yielded 

15 with high throughput. 

[0060] 

The above-mentioned embodiment uses the laser plasma 
X-ray source as the light source for supplying X-rays, 
but the present invention is not limited to this, and, 
20 for example, synchrotron radiation (SOR) light can be 

used as exposure light. 
[0061] 

Moreover, the above-mentioned embodiment applies the 
present invention to the exposure apparatus having the 
25 light source for supplying X-rays, but the present 

invention is not limited to this, and can be applied to 
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an exposure apparatus having a light source for 
supplying wavelength light other than X-rays. 

[0062] 

And moreover, the above-mentioned embodiment applies 
5 the present invention to the projection optical system 

of the exposure apparatus, but the present invention is 
not limited to this, and can also be applied to other 
typical projection optical systems. 
[0063] 

10 [Effect of the Invention] 

As described above, in the projection optical system 
of the present invention, its entrance pupil position is 
set on the second surface side of the second reflecting 
surface from the vicinity of the first surface side of 

15 the second reflecting surface, so that the sufficient 

aberration correction can be made between the object 
surface and the entrance pupil, and consequently, the 
[ aberration correction in the whole optical system can be 

excellently made. 

20 [0064] 

Furthermore, by applying the reflective projection 
optical system of the present invention, the X-ray can 
be used as the exposure light. In this case, the 
pattern of the mask is projected and exposed onto the 

25 photosensitive substrate while moving the mask and the 

photosensitive substrate relative to the projection 
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optical system. As a result, the high-precision 
microdevices can be fabricated under the excellent 
exposure conditions by using the scanning exposure 
apparatus having the high resolution. 
5 [Brief description of the drawings] 

Fig. 1 is a diagram schematically showing the structure 
of the exposure apparatus according to the example 
embodiment of the present invention. 

Fig. 2 is a diagram showing the structure of the 
10 projection optical system of the first example 

embodiment of the example embodiments. 

Fig. 3 is a view showing coma in the projection optical 
system of the first example embodiment. 

Fig. 4 is a diagram showing the structure of the 
15 projection optical system of the second example 

embodiment of the example embodiments. 

Fig. 5 is a view showing coma in the projection optical 
system of the second example embodiment. 

Fig. 6 is a diagram showing the structure of the 
20 projection optical system of the third example 

embodiment of the example embodiments. 

Fig. 7 is a view showing coma in the projection optical 
system of the third example embodiment. 

Fig. 8 is a diagram showing the structure of the 
25 projection optical system of the fourth example 

embodiment of the example embodiments. 
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Fig. 9 is a view showing coma in the projection optical 
system of the fourth example embodiment. 

Fig. 10 is a diagram showing the structure of the 
projection optical system of the fifth example 
5 embodiment of the example embodiments. 

Fig. 11 is a view showing coma in the projection optical 
system of the fifth example embodiment. 

Fig. 12 is a diagram showing the structure of the 
projection optical system of the sixth example 
10 embodiment of the example embodiments. 

Fig. 13 is a view showing coma in the projection optical 
system of the sixth example embodiment. 

Fig. 14 is a diagram for explaining the conditional 

expression (1) of the present invention. 
15 Fig. 15 is a diagram showing the flowchart about one 

example of methods of yielding the semiconductor devices 

as the microdevices . 

[Description of the codes] 

1 LASER PLASMA X-RAY SOURCE 
20 2 WAVELENGTH-SELECTIVE FILTER 

3 ILLUMINATION OPTICAL SYSTEM 

4 MASK 

5 MASK STAGE 

6 PROJECTION OPTICAL SYSTEM 
25 7 WAFER 

8 WAFER STAGE 
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CM 1 TO CM 8 REFLECTOR 

R 1 TO R 8 REFELCTING SURFACE 

S FIELD STOP 



Fig. 15 
5 START 

STEP 301 METAL FILM IS EVAPOLATED ON WAFER 

. STEP 302 APPLY PHOTORESIST ON METAL FILM 

STEP 303 TRANSFER RETICLE PATTERN IMAGE INTO EACH 
SHOT AREA ON WAFER 

10 STEP 304 DEVELOP PHOTORESIST ON WAFER 

STEP 305 ETCH RESIST PATTER ON WAFER AS MASK 
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